Introduction
The physical properties of amalgam are influenced by various manipulative factors such as mercury-alloy ratio, mixing time, existence of a ball in the capsule in the process of mixing, condensation pressure and the twisting movement given to the amalgam mix by the plugger in the process of condensation [1] [2] [3] [4] [5] [6] [7] [8] . These factors, on the whole, determine the properties of amalgam restorations. It is clinically very important to determine these manipulative factors and especially those that have a remarkable effect on its properties.
The experiments done in the present study to determine the manipulative factors that dominate the properties of amalgam and the effects of these factors on its tensile strength, which is one of the important properties of amalgam, were analyzed to establish its optimum manipulative conditions.
Materials and Methods
In the present experiments 2 kinds of spherical alloys and lathe-cut alloys were used as shown in Table 1 . SS8 was mixed using a Shofu Mixer for its exclusive use, and the other 3 kinds of alloys were mixed with a G-C Himix. Condensation was carried out in each case using a new NON condensation apparatus [9] to prepare specimens of 4.0 mm in diameter and 8.0 mm in length. Tensile strength was measured after 24 hours using the diametral tensile test [10] [11] .
The 5 factors adopted in the present experiments were mercury-alloy ratio, existence of a ball, mixing time, condensation pressure and the presence of a twisting movement. Ordinarily the Shofu Mixer does not use a ball but in this study a ball for the G-C Himix was used to examine the effects of its existence. Lathe-cut alloys were mixed with a ball used as usual.
Factors and levels adopted in the present experiments are shown in Table 2  (spherical alloys) and Table 3 (lathe-cut alloys). The assignment design of these factors is shown in Table 4 .
The 1 st experiment was carried out at levels 1 and 2, and the 2nd experiment at level 3 which was determined from the analysis of the variances of the 1st experimental results. Finally, the analysis of the variances, integrating both experiments, was carried out to determine optimum manipulative conditions.
Results

SS8
The 1st and 2nd experimental data are shown in Tables 5 and 6 and the analysis of the variances carried out by integrating both experiments is in Table 7 . Those that became significant at 1 %, in the level of significance, were the effects of changing the mixing time from 10 to 20 seconds and giving a twisting movement. Their percentages Table  2 Factors and levels Spherical alloys Table  3 Factors and levels
Lathe-cut alloys Table  4 Assignment design Table 5 Experimental data (1) Table 6 Experimental date (2) Table 7 Summary of analysis of variances of contribution were 15.7% and 12.1 % respectively. Those that became significant at 5%, in the level of significance, were the effects of a ball, changing the mercury-alloy ratio from 0.70 to 0.85 and the interaction between mercury-alloy ratio and the twisting movement. Their percentages of contribution were 4.5%, 4.3% and 5.6% respectively. Fig. 1 shows the graphed factorial effects. The lower right represents the interaction between the mercury-alloy ratio and the twisting movement and the others respectively show the main effects. The main effects, whose interaction between themselves is significant but not always required to be represented, are included for reference. The interaction graph shows that the effects of the twisting movement becomes remarkable when the mercury-alloy ratio is increased to 0.85 and 1.00, although it is not recognizable at 0.70.
GHA
The experiments were carried out in the same way as in the case of SS8. The analysis of the variances, integrating the 1st and 2nd experiments, is shown in Table  8 and the factorial effects in Fig. 2 . Those that became significant at 1 %, in the level of significance, were the effects of changing the mixing time from 10 to 20 seconds and giving a twisting movement. Their percentages of contribution were 17.1 % and 17.2% respectively. The effects of the ball became significant at 5%, in the level of significance, and its percentage of contribution was 9.3%.
SM
The analysis of the variances, integrating the 1st and 2nd experiments, is shown in Table 9 and the factorial effects in Fig. 3 . Those that became significant at 1%, in the level of significance, were the effects of giving a twisting movement and changing the condensation pressure from 20 kgf/cm2 to 40 kgf/cm2. Their percentages of contribution were 39.4% and 10.8% respectively. The mixing time became significant at 5%, in the level of significance, when it was changed from 10 to 20 seconds and its percentage of contribution was 5.5%.
NTD
The analysis of the variances, integrating the 1 st and 2nd experiments, is shown in Table 10 and the factorial effects in Fig. 4 . Those that became significant at 1%, Table 8 Summary of analysis of variances in the level of significance, were the effects of giving a twisting movement and changing the condensation pressure from 20 kgf/cm2 to 40 kgf/cm2. Their percentages of contribution were 34.0% and 15.3% respectively. The mixing time became significant at 5%, in the level of significance, when it was changed from 10 to 20 seconds and its percentage of contribution was 5.2%.
Discussion
SS8 and GHA are spherical alloys but they cannot be directly compared with In GHA the effects of the mercury-alloy ratio was not significant but in SS8 the interaction between the mercury-alloy ratio and the twisting movement was significant. The mercury-alloy ratio was effective at 0.85-1.00. This is presumably due to the mixers and the kinds of alloy. Again, the manufacturers' recommended mercury- Table 9 Summary of analysis of variances Fig. 3 Factorial effects on tensile strength of SM alloy ratio is preferable. The amalgam mix became too soft when the ratio was 1.00. In both cases, the manufacturers' directions recommend not using a ball but the present experiments proved that it was effective to use a ball and to mix for a longer time than directed. That is, according to the respective directions, SS8 should be mixed using the Shofu Mixer without a ball for 10 seconds and GHA with the G-C Himix also without a ball, for 8 seconds. The results of the present experiments recommend in both cases using a ball and mixing for at least 20 seconds, which is approximately twice as long as directed. More effective tendencies are recognized by further extending the mixing time but it should be avoided because dimensional contraction is apt to increase. The tendencies and the effects of the ball coincide with the results of Simizu's report [5] . 2. The most important manipulative factor common to both spherical and lathe-cut alloys is the twisting movement followed by the mixing time. The mercuryalloy ratio is not an effective factor to both of them.
3. The manufacturers' directions for spherical alloys recommended not using a ball or pestle in the process of mixing, but in the present experiments it proved more effective to use one.
4. Condensation pressure is an extremely important manipulative factor in lathe-cut alloys but not in spherical alloys.
5. The optimum manipulative conditions of both alloys are as follows : they should be mixed with a ball for 20 seconds and condensed with a twisting movement. Lathe-cut alloys, furthermore, should be condensed with a pressure of more than 40 kgf/cm2.
